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(57)  Thedisclosure relates to a semiconductor struc-
ture and a method for forming the same. The semicon-
ductor structure includes: a substrate; a storage array
located on the substrate and including a plurality of
memory cells arranged in an array along a first direction
and a second direction, each memory cell including a
transistor structure that includes a gate electrode and an
active area that includes a first active area and a second
active area distributed on opposite sides of the gate

electrode along the first direction; a word line extending 12 111
along the second direction, being continuously and elec-
trically connected with a plurality of gate electrodes in the
memory cells arranged at intervals along the second
direction; a bit line extending along the first direction 102\ %/112
and located on outside of each of the memory cells along /14
the second direction. The bit line is continuously and
electrically connected with the first active area and the
second active area in a plurality of the memory cells
arranged at intervals along the first direction. The dis-
closure improves electrical performance of the semicon-
ductor structure and achieves an increase in the density
of the memory cells in the semiconductor structure. FIG. 2
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Description
CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application is based on and claims
priority to Chinese Patent Application No.
202211003987.3 filed on August 19, 2022 and entitled
"SEMICONDUCTOR STRUCTURE AND METHOD
FOR FORMING SAME", the disclosure of which is here-
by incorporated by reference in its entirety.

TECHNICAL FIELD

[0002] The disclosure relates to the technical field of
manufacturing semiconductors, in particular to a semi-
conductor structure and a method for forming the same.

BACKGROUND

[0003] Dynamic random access memory (DRAM)is a
semiconductor device commonly used in electronic de-
vices such as computers, and is composed of multiple
memory cells. Each of the memory cells usually includes
a transistor and a capacitor. The gate of the transistor is
electrically connected with a word line, the source is
electrically connected with a bit line, and the drain is
electrically connected with the capacitor. A word line
voltage on the word line can control on and off of the
transistor, so that data information stored in the capacitor
can be read or written into the capacitor through the bit
line.

[0004] A drain in a semiconductor structure such as
DRAM is electrically connected with a capacitor sequen-
tially through a node contact (NC) and a landing pad (LP).
However, contact areas between the drain, the node
contactand the landing pad are small, which will increase
an internal resistance of the semiconductor structure and
lead to a decrease of electrical performance of the semi-
conductor structure. In addition, a storage array in the
semiconductor structure such as DRAM mostly adopts a
6F2 array structure, which has a low density and is not
conducive to improving integration and storage capacity
of the semiconductor structure.

[0005] Therefore, how to improve the density of the
semiconductor structure and improve the electrical per-
formance of the semiconductor structure is an urgent
technical problem to be solved.

SUMMARY

[0006] A semiconductor structure and a method for
forming the same are provided by embodiments of the
disclosure to increase the density of the semiconductor
structure and improve electrical performance of the semi-
conductor structure.

[0007] According to some embodiments, the disclo-
sure provides a semiconductor structure, which includes
a substrate, a storage array, a word line and a bit line.
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[0008] The storage array is located on the substrate
and includes a plurality of memory cells arranged in an
array along a first direction and a second direction. Each
of the memory cells includes a transistor structure. The
transistor structure includes a gate electrode and an
active area, and the active area includes a first active
area and a second active area distributed on opposite
sides of the gate electrode along the first direction. The
firstdirection and the second direction are both parallel to
a top surface of the substrate and the first direction is
perpendicular to the second direction.

[0009] The word line extends along the second direc-
tion, is continuously and electrically connected with a
plurality of the gate electrodes in a plurality of the memory
cells arranged at intervals along the second direction.
[0010] The bitline extends along the first direction and
is located on outside of the memory cell along the second
direction. The bit line is continuously and electrically
connected with the first active areas and the second
active areas in a plurality of the memory cells arranged
at intervals along the first direction.

[0011] In some embodiments, the first active area in-
cludes afirst channel region, and a first source region and
afirstdrain region distributed on opposite sides of the first
channel region along a third direction. The third direction
is perpendicular to the top surface of the substrate.
[0012] The second active area includes a second
channel region, and a second source region and a sec-
ond drain region distributed on opposite sides of the
second channel region along the third direction. The first
channel region and the second channel region are sym-
metrically distributed with respect to the gate electrode.
[0013] In some embodiments, the structure further in-
cludes abit line contact array. The bit line contact array is
located below the storage array and includes a plurality of
bit line contact structures arranged in an array along the
first direction and the second direction. The bit line con-
tact structures are electrically connected with the active
areas in the transistor structures. A plurality of the bit line
contact structures arranged at intervals along the first
direction are electrically connected with a same one of
the bit lines.

[0014] Insome embodiments, the bitline contact array
and the memory array are arranged in a staggered way.
Each of the bit line contact structures is in contact and
electrical connection with two adjacent active areas
along the first direction and the active area is in contact
and electrical connection with two of the bit line contact
structures adjacent along the first direction.

[0015] In some embodiments, for one bit line contact
structure located between two adjacent ones of the
memory cells along the first direction, one end of the
one bit line contact structure along the first direction is
electrically connected with the first source region in one of
the two adjacent memory cells, and another end of the
one bit line contact structure along the first direction is
electrically connected with the second source region in
another of the memory cells.
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[0016] Thetwo bitline contact structures in contactand
electrical connection with the active area are symmetri-
cally distributed with respect to an axis of the active area.
The axis extends along the second direction.

[0017] In some embodiments, a projection of each of
the bit line contact structures on the top surface of the
substrate has a same shape and a same size as the
shape and size of a projection of each of the active areas
on the top surface of the substrate.

[0018] Adistance between two adjacentbitline contact
structures is equal to a distance between two adjacent
active areas.

[0019] In some embodiments, each of the memory
cells further includes a capacitor structure.

[0020] The capacitor structure is located above the
transistor structure. The capacitor structure is electrically
connected with the first drain region and the second drain
region, and a projection of the capacitor structure on the
top surface of the substrate at least completely covers a
projection of the active area on the top surface of the
substrate.

[0021] In some embodiments, each of the memory
cells further includes a node contact structure located
between the capacitor structure and the transistors. One
end of the node contact structure is in contact and elec-
trical connection with the first drain region and the second
drain region, and another end is in contact and electrical
connection with the capacitor structure.

[0022] In some embodiments, a plurality of word lines
are arranged at intervals along the first direction and a
plurality of bit lines are arranged at intervals along the
second direction.

[0023] A distance between two adjacent word lines
along the first direction, a distance between two adjacent
bit lines along the second direction, and a distance be-
tween two adjacent ones of the memory cells are equal to
each other.

[0024] According to other embodiments, the disclo-
sure also provides a method for forming a semiconductor
structure, including the following operations.

[0025] A substrate and an active array located on the
substrate are formed. The active array includes a plurality
of active areas arranged in an array along a first direction
and a second direction. The first direction and the second
direction are both parallel to a top surface of the sub-
strate, and the first direction is perpendicular to the
second direction.

[0026] A bit line is formed on outside of each of the
active areas along the second direction. The bit line
extends along the first direction and is continuously elec-
trically connected with a plurality of the active areas
arranged at intervals along the first direction.

[0027] A gate electrode penetrating the active areas
along the second direction is formed. And a word line is
formed, extends along the second direction and is con-
tinuously and electrically connected with a plurality of the
gate electrodes arranged at intervals along the second
direction. The gate electrode divides one of the active
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areas into a first active area and a second active area
arranged along the first direction.

[0028] In some embodiments, before the forming a bit
line on outside of each of the active areas along the
second direction, the method further includes the follow-
ing operation.

[0029] A bitline contact array below the active array is
formed. The bitline contact array includes a plurality of bit
line contact structures arranged in an array along the first
direction and the second direction. Each of the bit line
contact structures is in contact and electrical connection
with a corresponding one of the active areas.

[0030] In some embodiments, the substrate further
includes a first isolation layer located between two ad-
jacent ones of the active areas, and the forming a bit line
contact array below the active array includes the follow-
ing operations.

[0031] Part of the active area and part of the first
isolation layer are etched to form a plurality of first
trenches arranged in an array along the first direction
and the second direction. Each of the first trenches is
overlapped with two adjacent active areas along the first
direction, and each of the active areas is overlapped with
two adjacent first trenches along the first direction.
[0032] A bitline contact structure is formed at a bottom
of each of the first trenches and is electrically connected
with the active areas.

[0033] In some embodiments, the forming a bit line on
outside of each of the active areas along the second
direction includes the following specific operations.
[0034] A second isolation layer fully filling each of the
first trenches is formed.

[0035] Part of the second isolation layer and part of the
first isolation layer are etched to form a second trench
located on outside of the active area along the second
direction and exposing the bit line contact structures.
[0036] The bitline extending along the first direction is
formed in each of the second trenches, is continuously in
contactand is electrically connected with a plurality of the
bit line contact structures arranged at intervals along the
first direction.

[0037] In some embodiments, the forming gate elec-
trodes penetrating the active areas along the second
direction and word lines extending along the second
direction, each of the word lines continuously electrically
connected with a plurality of the gate electrodes arranged
at intervals along the second direction includes the fol-
lowing specific operations.

[0038] A third isolation layer filling each of the second
trenches is formed.

[0039] The active areas, the first isolation layers and
the third isolation layers are etched to form gate trenches,
each of the gate trenches penetrating an active area
along the second direction in the active area, and form
a word line trench between two adjacent ones of the
active areas along the second direction.

[0040] The gate electrodes are formed in the gate
trenches and the word lines are formed in the word line
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trenches.

[0041] In some embodiments, after the forming gate
electrodes penetrating the active areas along the second
direction and word lines extending along the second
direction, each of the word lines continuously electrically
connected with a plurality of the gate electrodes arranged
at intervals along the second direction, the method
further includes the following operations.

[0042] A capacitor structure located above each of the
active areas is formed. The capacitor structure connects
the first drain region and the second drain region elec-
trically. A projection of the capacitor structure on the top
surface of the substrate at least completely covers a
projection of the active area on the top surface of the
substrate.

[0043] Inthe semiconductor structure and the method
for forming the same provided by the embodiments of the
disclosure, each of the memory cell includes transistors.
The gate electrode in the transistor structure divides the
active area into a first active area and a second active
area, so that two transistors sharing the same one gate
electrode can be formed in the transistor structure, and a
same bit line is electrically connected with the first active
area and the second active area in the memory cell.
Therefore, after the one word line and the one bit line
electrically connected with the memory cell are turned on,
two signal transmission channels in parallel can be
formed in the memory cell, which can not only improve
the signal transmission efficiency and the electrical per-
formance of the semiconductor structure, but also form a
storage array structure of 4F2 (where F is a feature
dimension) to realize an improvement of the integration
density of the memory cells in the semiconductor struc-
ture. In some other embodiments of the disclosure, the
projection of each of the capacitor structures on the top
surface of the substrate at least completely covers the
projection of the corresponding one of the active area on
the top surface of the substrate, thereby increasing the
contact area between the capacitor structure and the
transistor structure, reducing a contact resistance inside
the memory cell, and improving the electrical perfor-
mance of the semiconductor structure. Furthermore, in
some embodiments of the disclosure, each of the capa-
citor structures contacts directly and is electrically con-
nected with the corresponding one the node contact
structures without forming a landing pad (LP), thereby
simplifying the manufacturing process of the semicon-
ductor structure and reducing the manufacturing cost of
the semiconductor structure.

BRIEF DESCRIPTION OF THE DRAWINGS
[0044]
FIG. 1 is a top-view schematic diagram of a semi-

conductor structure in an embodiment of the disclo-
sure.
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FIG. 2 is a schematic diagram of a memory cellin an
embodiment of the disclosure.

FIG. 3 is a flowchart of a method for forming a
semiconductor structure in an embodiment of the
disclosure.

FIGS. 4-10 are main-process structural schematic
diagrams in a process of forming a semiconductor
structure according to a specific embodiment of the
disclosure.

DETAILED DESCRIPTION

[0045] The semiconductor structure and method for
forming the same provided by specific embodiments of
the present disclosure will be described in detail below in
combination with the accompany drawings.

[0046] A specific embodiment provides a semiconduc-
tor structure. FIG. 1 is a top-view schematic diagram of a
semiconductor structure in an embodiment of the disclo-
sure. FIG. 2is a schematic diagram of a memory cellinan
embodiment of the disclosure. As shown in FIGS. 1 and
2, the semiconductor structure includes a substrate 20, a
storage array, a word line 13 and a bit line 14.

[0047] The storage array is located on the substrate 20
and includes a plurality of memory cells arranged in an
array along afirst direction D1 and a second direction D2.
Each of the memory cells includes a transistor structure.
The transistor structure includes a gate electrode 12 and
an active area including a first active area 10 and a
second active area 11. The first active area 10 and the
second active area 11 are distributed on opposite sides of
the gate electrode 12 along the first direction D1. The first
direction D1 and the second direction D2 are both parallel
tothe top surface of the substrate 20 and the first direction
D1 is perpendicular to the second direction D2.

[0048] The word line 13 extends along the second
direction D2, and is continuously and electrically con-
nected with a plurality of the gate electrodes 12 in the
memory cells arranged at intervals along the second
direction D2.

[0049] The bit line 14 extends along the first direction
D1 and is located on outsides of the memory cells along
the second direction D2. The bit line 14 is continuously
and electrically connected with the first active areas 10
and the second active areas 11 in a plurality of the
memory cells arranged at intervals along the first direc-
tion D1.

[0050] The semiconductor structure described in the
embodiment may be but is not limited to DRAM. Herein-
after, the semiconductor structure is described by taking
a DRAM as an example. The substrate 20 may be, but is
not limited to, a silicon substrate. The embodiment will be
described by taking the substrate 20 as a silicon sub-
strate. In other embodiments, the substrate 20 may also
be a semiconductor substrate, such as gallium nitride,
gallium arsenide, gallium carbide, silicon carbide or Si-
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licon-On-Insulator (SOI). The substrate 20 is used for
supporting a device structure on the substrate. The plur-
ality of memory cells are arranged in a two-dimensional
array along the first direction D1 and the second direction
D2 on the top surface of the substrate 20 to form the
storage array. Each of the memory cells includes tran-
sistor structures. Each of the transistor structures in-
cludes a gate electrode and an active area. All the active
areas in the storage array are also arrayed along the first
direction D1 and the second direction D2 to form an active
array. The gate electrode 12 in the transistor structure
divides the active area into the first active area 10 and the
second active area 11 distributed on opposite sides of the
gate electrode 12 along the first direction D1, so that two
transistors sharing the same one gate electrode and
arranged along the first direction D1 can be formed in
the transistor structure, and a bit line 14 located on out-
sides of the memory cell electrically connects the first
active area 10 and the second active area 11 in the
memory cell. The top surface of the substrate 20 in the
embodiment refers to the surface of the substrate 20
facing the storage array. The phase "a/the plurality of"
used in the embodiment refers to two or more.

[0051] Inthe embodiment, by arranging the structure of
the memory cells, the position of the word lines 13 and the
gate electrodes 12, the position of the bit line 14, and the
connection relationship between the bit line 14 and the
two transistors in the memory cells, the storage array in
the embodiment can have a 4F2 array structure, and the
density of the memory cells in the storage array is more
than 2 times that of a 6F2 array structure, thereby greatly
improving the density of the memory cells in the storage
array, and thus improving the storage capacity of the
semiconductor structure or reducing the size of the semi-
conductor structure.

[0052] When a selected memory cell is read and writ-
ten, a bitline 14 and a word line 13 electrically connected
with the selected memory cell are turned on (i.e., read
and write signals are transmitted to the bit line 14 and the
word line 13 electrically connected with the selected
memory cell), so that two transistors in the selected
memory cell are turned on simultaneously, thereby form-
ing two parallel signal transmission channels in the se-
lected memory cell. The two signal transmission chan-
nels transmit read and write signals simultaneously to
realize read and write operation, thereby improving sta-
bility and transmission efficiency of the read and write
signals in the memory cell and improving the electrical
performance of the semiconductor structure.

[0053] In some embodiments, the first active area 10
includes a first channel region 101, and a first source
region 102 and a first drain region 103 distributed on
opposite sides of the first channel region 101 along a third
direction D3. The third direction D3 is perpendicularto the
top surface of the substrate 20.

[0054] The second active area 11 includes a second
channel region 111, and a second source region 112 and
aseconddrain region 113 distributed on opposite sides of
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the second channel region 111 along the third direction
D3. The first channel region 101 and the second channel
region 111 are symmetrically distributed with respect to
the gate electrode 12.

[0055] Specifically, two of the transistors in each of the
transistor structure are transistors in vertical structures.
When one of the memory cells is given, two vertical signal
transmission channels parallel with each other are simul-
taneously formed and turned on in this one memory cell.
Furthermore, two of the transistors in the memory cell are
symmetrically distributed along the first direction D1 with
respect to an axis that passes through a center of the
active area and extends along the second direction D2.
Thatis, the first active area 10 and the second active area
11 are symmetrically distributed with respect to the axis
(including the first channel region 101 and the second
channel region 111, the first source 102 and the second
source 112, and the first drain 103 and the second drain
113 are symmetrically distributed with respect to the axis,
respectively), so that transmitted currents in the two
transistors parallel with each other in the transistor struc-
ture are of a same magnitude, thereby further improving
the performance of the semiconductor structure.

[0056] In some embodiments, each of the memory
cells also includes a first gate dielectric layer between
the first channel region 101 and the gate electrode 12,
and a second gate dielectric layer between the second
channel region 111 and the gate electrode 12. In an
example, a material of the first gate dielectric layer and
a material of the second gate dielectric layer are the
same, for example, both are an oxide material (e.g.
silicon dioxide).

[0057] In some embodiments, the semiconductor
structure further includes a bit line contact array.

[0058] The bit line contact array is located below the
storage array and includes a plurality of bit line contact
structures 15 arranged in an array along the first direction
D1 and the second direction D2.

[0059] The bitline contact structures 15 are electrically
connected with the active area in the transistor struc-
tures. The plurality of the bit line contact structures 15
arranged at intervals along the first direction D1 are
electrically connected with a same one bit line 14.
[0060] Specifically, the semiconductor structure also
includes the plurality of bit line contact structures 15,
which are located below the active areas and used for
electrically connecting the bit lines 14 with the active
areas in the memory cells. Signals are transmitted be-
tween the bitlines 14 and the memory cells through the bit
line contact structures 15, so that the bit lines 14 can be
arranged on the outsides of the memory cells along the
second direction D2 to form the 4F2 array structure.
Meanwhile, the connection lines between the bit lines
14 and the memory cells can be simplified, thus simplify-
ing the manufacturing process of the semiconductor
structure. In an example, the material of the bit line
contact structures 15 is a conductive material such as
polysilicon.
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[0061] In order to improve the density in the semicon-
ductor structure, the bitline contact array and the memory
array are arranged in a staggered way, in some embodi-
ments.

[0062] Each of the bit line contact structures 15 con-
tacts and is electrically connected with two of the active
areas adjacent along the first direction D1, and each of
the active areas contacts and is electrically connected
with two of the bit line contact structures 15 adjacent
along the first direction D1.

[0063] In some embodiments, for each of the bit line
contact structures 15 located between two adjacent ones
ofthe memory cells along the first direction D1, one end of
the bitline contact structure 15 along the first direction D1
is electrically connected with the first source region 102in
one of the memory cells, and the other end of the bit line
contact structure 15 along the first direction D1 is elec-
trically connected with the second source region 112 in
another of the memory cells.

[0064] Every two of the bit line contact structures 15
contacting and electrically connected with the corre-
sponding active area are symmetrically distributed with
respect to an axis of the active area. The axis extends
along the second direction D2.

[0065] Specifically, as shown in FIGS. 1 and 2, the
plurality of bit line contact structures 15 are arranged in
a two-dimensional array along the first direction D1 and
the second direction D2 to form the bit line contact array.
The staggered arrangement of the bit line contact array
and the storage array means that projections of the bit
line contact structures 15 in the bit line contact array on
the top surface of the substrate 20 are staggered from
projections of the memory cells in the storage array on the
top surface of the substrate 20 along the first direction D1
and the second direction D2. For example, one bit line
contact structure 15 is located between two of the active
areas in the two memory cells adjacent along the first
direction D1, and this one bit line contact structure 15
contacts and is in electrical connected with both the
active areas in the two memory cells adjacent along
the first direction D1.

[0066] A cross section of each bit line contact structure
15 may be in the shape of circular, elliptical or arbitrary
polygonal. Taking the cross section of the bit line contact
structure 15 in the rectangular as an example, the two
opposite ends of the bitline contact structure 15 along the
first direction D1 are in contact and electrical connection
with two active areas adjacent along the first direction D1,
respectively. The end of the bit line contact structure 15
along the second direction D2 is electrically connected
with one bit line 14. The first active area 10 and the
second active area 11 in one of the memory cells are
in contact and electrical connection with two bit line
contact structures 15 arranged at intervals along the first
direction D1, respectively. Therefore, the density inside
the semiconductor structure is further improved.

[0067] Thetwo bitline contactstructures 15 electrically
connected to one active area contacts are symmetrically
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distributed with respect to an axis passing through a
center of the active area and extending along the second
direction D2. Thatis, the two bit line contact structures 15
connected with the first source region 102 and the second
source region 112 in a same memory cell are symme-
trically distributed with respect to the axis, so that the
contact areas of the two bit line contact structures 15 with
the first source region 102 and the second source region
112 in the same memory cell are equal, thereby further
ensuring that current signals transmitted in the two tran-
sistors in the same memory cell are of the same magni-
tude to further improve the performance of the semicon-
ductor structure.

[0068] In an embodiment, there are gaps between
projections of the gate electrodes 12 on the top surface
of the substrate 20 and projections of the bit line contact
structures 15 on the top surface of the substrate 20. That
is, the projections of the gate electrodes 12 on the top
surface of the substrate 20 are not in contact with the
projections of the bit line contact structures 15 on the top
surface of the substrate 20, thereby reducing or even
eliminating the parasitic capacitor effect between the
gate electrodes 12 and the bit line contact structures 15.
[0069] Insome embodiments, the projection of each of
the bit line contact structures 15 on the top surface of the
substrate 20 has the same shape and size as the shape
and size of the projection of each of the active areas on
the top surface of the substrate 20.

[0070] A distance between two adjacent ones of the bit
line contact structures 15 is equal to a distance between
two adjacent ones of the active areas. Therefore, a mask
for forming the plurality of the active areas may be the
same as a mask for forming the plurality of bit line contact
structures 15, reducing the number of masks in the
manufacturing process of the semiconductor structure
and in turn reducing the manufacturing cost of the semi-
conductor structure.

[0071] In some embodiments, each of the memory
cells further includes a capacitor structure 18.

[0072] The capacitor structure 18 is located above the
transistor structure. The capacitor structure 18 is in elec-
trical connection with the first drain region 103 and the
second drain region 113. A projection of the capacitor
structure 18 on the top surface of the substrate 20 at least
completely covers a projection of the corresponding ac-
tive area on the top surface of the substrate 20, so that
contact areas between the capacitor structure 18 and two
transistors in the transistor structure are increased,
thereby reducing the contact resistance between the
capacitor structure and the transistor structure. In an
example, the projection of the active area on the top
surface of the substrate 20 is within the projection of
the capacitor structure 18 on the top surface of the sub-
strate 20.

[0073] In some embodiments, the memory cell further
includes a node contact structure 17.

[0074] The node contact structure 17 is located be-
tween the capacitor structure 18 and the transistor. One
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end of the node contact structure 17 is in contact and
electrical connection with the first drain region 103 and
the second drain region 113, and the other end is in
contactand electrical connection with the capacitor struc-
ture 18.

[0075] The capacitor structure and the node contact
structure are not shown in FIG. 1. Specifically, the mem-
ory cell includes one capacitor structure 18. That is, two
transistors of the transistor structure are electrically con-
nected with the same capacitor structure 18, thereby
forming the memory cell with 2T1C structure. The mem-
ory cell also includes the node contact structure 17
located above the transistor structure along the third
direction D3, a capacitor isolation layer 16 located be-
tween the node contact structure 17 and the gate elec-
trode 12, and the capacitor structure 18 located on a side
facing away from the transistor structure of the node
contact structure 17. The capacitor isolation layer 16 is
used for electrically isolating the gate electrode 12 from
the node contact structure 17. In an embodiment, the
material of the capacitor isolation layer 16 may be an
insulating dielectric material such as an oxide material
(e.g. silicon dioxide). The node contact structure 17 at
least completely covers the first drain region 103 and the
second drain region 113 in the transistor structure. The
capacitor structures 18 is in contact and electrical con-
nection with the corresponding node contact structures
17 withoutforming a landing pad (LP), thereby simplifying
the manufacturing process of the semiconductor struc-
ture and reducing the manufacturing cost of the semi-
conductor structure. In an example, the material of the
node contact structures 17 is a conductive material such
as polysilicon.

[0076] In an example, in order to increase a contact
area between the transistor structure and the corre-
sponding capacitor structure 18 to reduce a contact
resistance between the transistor structure and the ca-
pacitor structure 18, dimensions of the node contact
structure 17 along the first direction D1 and the second
direction D2 are both larger than dimensions of the whole
composed of the first active area 10 and the second
active area 11 along the first direction D1 and the second
direction D2.

[0077] In some embodiments, the plurality of word
lines 13 are arranged at intervals along the first direction
D1 andthe plurality of bitlines 14 are arranged atintervals
along the second direction D2.

[0078] Adistance between thetwoadjacentones ofthe
word lines 13 along the first direction D1, a distance
between the two adjacent ones of the bit lines 14 along
the second direction D2, and a distance between the two
adjacent ones of the memory cells are equal to each
other.

[0079] For example, the distance between the two
adjacent ones of the word lines 13 along the first direction
D1, the distance between the two adjacent ones of the bit
lines 14 along the second direction D2, and the distance
between the two adjacent ones of the memory cells, the
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distance between the two adjacent active areas and the
distance between the two adjacent bit line contact struc-
tures 15 are equal to each other. Therefore, areas occu-
pied by the memory cells are further reduced and the
density of the memory cell in the storage array is further
increased.

[0080] A specific embodiment further provides a meth-
od for forming a semiconductor structure. FIG. 3 is a
flowchart of a method for forming a semiconductor struc-
ture in an embodiment of the disclosure. FIGS. 4-10 are
main-process structural schematic diagramsin a process
of forming a semiconductor structure according to a
specific embodiment of the disclosure. Schematic dia-
grams of the semiconductor structure formed in the em-
bodiment may be shown in FIGS. 1-2. As shown in FIGS.
3-10, the method for forming the semiconductor structure
includes the following operations.

[0081] In S31, a substrate 20 and an active array
located on the substrate 20 are formed. The active array
includes a plurality of active areas 40 arranged in an array
along a first direction D1 and a second direction D2, in
which the first direction D1 and the second direction D2
are both parallel to a top surface of the substrate 20, and
the first direction D1 is perpendicular to the second
direction D2, as shown in FIG. 4, in which (a) of FIG. 4
is a top-view schematic diagram, (b) in FIG. 4 is a cross-
sectionaldiagram of (a) in FIG. 4 along a-a, and (c) in FIG.
4 is a cross-sectional diagram of (a) in FIG. 4 along b-b.
[0082] InS32,abitline 14 is formed on outside of each
of the active areas 40 along the second direction D2. The
bit line 14 extends along the first direction D1, is con-
tinuously and electrically connected with a plurality of the
active areas 40 arranged at intervals along the first
direction D1, as shown in FIG. 7, in which (a) in FIG. 7
is a top-view schematic diagram, (b) in FIG. 7 is a cross-
sectionaldiagram of (a) in FIG. 7 along a-a, and (c) in FIG.
7 is a cross-sectional diagram of (a) in FIG. 7 along b-b.
[0083] In S33, gate electrodes 12 penetrating the ac-
tive areas 40 along the second direction D2 is formed,
and a word line 13 is formed, extends along the second
direction D2, is continuously and electrically connected
with a plurality of the gate electrodes 12 arranged at
intervals along the second direction D2. Each of the gate
electrodes 12 divides one of the active areas 40 into a first
active area 10 and a second active area 11 arranged
along the first direction D1, as shown in FIG. 9, in which
(a)inFIG. 9is a top-view schematic diagram, (b) in FIG. 9
is a cross-sectional diagram of (a)in FIG. 9 along a-a, and
(c) in FIG. 9 is a cross-sectional diagram of (a) in FIG. 9
along b-b.

[0084] In some embodiments, before the bit line 14 is
formed on outside of the active area 40 along the second
direction D2, the method further includes the following
operation.

[0085] A bitline contact array below the active array is
formed. The bitline contact array includes a plurality of bit
line contact structures 15 arranged in an array along the
firstdirection D1 and the second direction D2. Each of the
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bit line contact structures 15 is in in contact and electrical
connection with the corresponding one of the active
areas 40.

[0086] In some embodiments, the substrate 20 further
includes a first isolation layer 41 located between two
adjacent ones of the active areas 40. The forming a bit
line contact array below the active array includes the
following operations.

[0087] Part of the active areas 40 and part of the first
isolation layers 41 are etched to form a plurality of first
trenches 50 arranged in an array along the first direction
D1 and the second direction D2. Each of the firsttrenches
50 is overlapped with two adjacent active areas 40 along
the first direction D1, and each of the active areas 40 is
overlapped with two adjacent first trenches 50 along the
first direction D1.

[0088] The bitline contact structures 15 in contact and
electrical connection with the active areas 40 are formed
at bottoms of the first trenches 50, as shown in FIG. 5in
which (a)in FIG. 5 is a top-view schematic diagram, (b) in
FIG. 5 is a cross-sectional diagram of (a) in FIG. 5 along
a-a, and (c) in FIG. 5is a cross-sectional diagram of (a) in
FIG. 5 along b-b.

[0089] Specifically, an initial substrate is provided first.
The initial substrate is etched along the first direction D1
and the second direction D2 to form the plurality of active
areas 40 arranged in a two-dimensional array along the
first direction D1 and the second direction D2, and iso-
lation trenches of the active areas located between ad-
jacent active areas 40. Therefore, the active array is
formed, and the initial substrate below the active array
remains as the substrate 20. An insulating dielectric
material such as an oxide (e.g. silicon dioxide) is filled
in the isolation trenches of the active areas to form first
isolation layers 41, as shown in FIG. 4. Part of the active
areas 40 and part of the firstisolation layers 41 are etched
by a lithography process to form the plurality of first
trenches 50 arranged in the array along the first direction
D1 and the second direction D2. A conductive material
such as polysilicon is filled in the first trenches 50, and a
bit line contact structure 15 is formed at a bottom of each
of the first trenches 50. The bit line contact structure 15 is
electrically connected with the active areas 40, as shown
in FIG. 5. During forming the first trenches 50 by etching,
each of the first trenches 50 is overlapped with two
adjacent active areas 40 along the first direction D1
and each of the active areas 40 is overlapped with two
adjacent first trenches 50 along the first direction D1 by
an alignment process, thereby further improving the
density in the semiconductor structure.

[0090] Insomeembodiments, the forming bitline 14 on
outside of each of the active areas 40 along the second
direction D2 includes the following specific operations.
[0091] Second isolation layers 60 fully filling the first
trenches 50 are formed, as shown in FIG. 6 in which (a) in
FIG. 6 is a top-view schematic diagram, (b) in FIG. 6 is a
cross-sectional diagram of (a) in FIG. 6 along a-a, and (c)
in FIG. 6is a cross-sectional diagram of (a) in FIG. 6 along
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b-b.

[0092] Partofthe secondisolation layers 60 and part of
the first isolation layers 41 are etched to form second
trenches 70 located on the outsides of the active areas 40
along the second direction D2 and exposing the bit line
contact structures 15.

[0093] The bit lines 14 extending along the first direc-
tion D1 are formed in the second trenches 70. Each of the
bit lines 14 is continuously in contact and electrical con-
nection with a plurality of the bit line contact structures 15
arranged at intervals along the first direction D1, as
shown in FIG. 7.

[0094] In some embodiments, the forming gate elec-
trodes 12 penetrating the active areas 40 along the
second direction D2, and word lines 13 that extends
along the second direction D2 and continuously and
electrically connected with a plurality of the gate electro-
des 12 arranged at intervals along the second direction
D2, includes the following specific operations.

[0095] Third isolation layers 80 fully filling each of the
second trenches 70 are formed, as shown in FIG. 8 in
which (a) in FIG. 8 is a top-view schematic diagram, (b) in
FIG. 8 is a cross-sectional diagram of (a) in FIG. 8 along
a-a,and (c)in FIG. 8 is a cross-sectional diagram of (a) in
FIG. 8 along b-b.

[0096] The active areas 40, the first isolation layers 41
and the third isolation layers 80 are etched to form gate
trenches penetrating the active areas 40 along the sec-
ond direction D2 in the active area 40, and to form word
line trenches between two adjacent active areas 40 along
the second direction D2.

[0097] The gate electrodes 12 are formed in the gate
trenches and the word lines 13 are formed in the word line
trenches, as shown in FIG. 9.

[0098] Specifically, each of the gate trenches divides
one of the active areas into the first active area 10 and the
second active area 11 arranged along the first direction
D1. After forming the gate trenches and the word line
trenches, the gate electrodes 12 fully filling the gate
trenches and the word lines 13 fully filling the word line
trenches are formed. Part of each gate electrode 12 and
part of each word line 13 are etched back, so that the top
surface of the gate electrode 12 lies below the top surface
of the gate trench, and the top surface of the word line 13
lies below the top surface of the word line trench. There-
after, an insulating dielectric material such as an oxide
(e.g. silicon dioxide) is filled in the gate trenches and the
word line trenches to form capacitor isolation layers 16
covering the gate electrodes 12 and the word lines 13, as
shown in FIG. 9. In an example, materials of the gate
electrode 12 and the word line 13 are both a conductive
material such as tungsten or TiN.

[0099] In some embodiments, after forming gate elec-
trodes 12 that penetrates the active areas along the
second direction D2 and forming the word line 13 that
extends along the second direction D2, and is continu-
ously and electrically connected with a plurality of the
gate electrodes 12 arranged at intervals along the sec-
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ond direction D2, the method further includes the follow-
ing operations.

[0100] A capacitor structure 18 located the active area
40 is formed. The capacitor structure 18 is electrically
connected with the first drain region 10 and the second
drain region 11. A projection of the capacitor structure 18
on the top surface of the substrate 20 at least completely
covers a projection of the active area 40 on the top
surface of the substrate 20.

[0101] Specifically, a node contact structure 17 cover-
ing the first active area 10, the second active area 11 and
the capacitorisolation layer 16 is formed above the active
area, and then the capacitor structure 18 is formed above
the node contact structure 17. In an example, the capa-
citor structure includes a lower electrode layer covering a
surface of the node contact structure 17 and electrically
connected with the node contact structure 17, a dielectric
layer covering a surface of the lower electrode layer, and
an upper electrode layer covering a surface of the di-
electric layer.

[0102] In the semiconductor structure and the method
for forming the same provided by the embodiments of the
disclosure, each memory cell includes transistors. The
gate electrode in the transistor structure divides the
active area into the first active area and the second active
area, so that two transistors sharing the one gate elec-
trode may be formed in the transistor structure, and a
same bit line is electrically connected with the first active
area and the second active area in the memory cell.
Therefore, after the word line and the bit line electrically
connected with the memory cell are turned on, two signal
transmission channels in parallel can be formed in the
memory cell, which can not only improve the signal
transmission efficiency and improve the electrical perfor-
mance of the semiconductor structure, but also form a
storage array structure of 4F2 (where F is a feature
dimension), realizing an improvement of the integration
density of the memory cells in the semiconductor struc-
ture. In some other embodiments of the disclosure, the
projection of the capacitor structure on the top surface of
the substrate at least completely covers the projection of
the corresponding active area on the top surface of the
substrate, thereby increasing a contact area between the
capacitor structure and the transistor structure, reducing
a contact resistance inside the memory cell, and improv-
ing the electrical performance of the semiconductor
structure. Furthermore, in some embodiments of the
disclosure, the capacitor structure is in direct contact
and electrical connection with the corresponding one
the node contact structures without forming a landing
pad (LP), thereby simplifying the manufacturing process
of the semiconductor structure and reducing the manu-
facturing cost of the semiconductor structure.

[0103] The above are only the preferred embodiments
of the disclosure, and it should be noted that for those
skilled in the art, without departing from the principles of
the disclosure, several modifications and improvements
may be made, which also fall within the scope of protec-
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tion of the disclosures.

Claims

1.

A semiconductor structure comprising:

a substrate;

an storage array located on the substrate and
comprising a plurality of memory cells arranged
in an array along a first direction and a second
direction, each of the memory cells comprising a
transistor structure, the transistor structure com-
prising a gate electrode and an active area, and
the active area comprising a first active area and
a second active area distributed on opposite
sides of the gate electrode along the first direc-
tion, wherein the first direction and the second
direction are both parallel to a top surface of the
substrate and the first direction is perpendicular
to the second direction;

a word line extending along the second direc-
tion, being continuously and electrically con-
nected with a plurality of gate electrodes in the
memory cells arranged at intervals along the
second direction; and

a bit line extending along the first direction,
located on outside of each of the memory cells
along the second direction, being continuous
and electrically connected with the first active
areas and the second active areas in a plurality
of the memory cells arranged at intervals along
the first direction.

The semiconductor structure of claim 1, wherein the
firstactive area comprises a first channel region, and
a first source region and a first drain region distrib-
uted on opposite sides of the first channel region
along a third direction, and the third direction is
perpendicularto the top surface of the substrate; and
the second active area comprises a second channel
region, and a second source region and a second
drain region distributed on opposite sides of the
second channel region along the third direction,
and the first channel region and the second channel
region are symmetrically distributed with respect to
the gate electrode.

The semiconductor structure of claim 2, wherein the
semiconductor structure further comprises:

a bitline contact array located below the storage
array, comprising a plurality of bit line contact
structures arranged in an array along the first
direction and the second direction;

wherein the bit line contact structures are elec-
trically connected with the active area in the
transistor structure, and a plurality of the bit line
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contact structures arranged at intervals along
the first direction are electrically connected with
a same one bit line.

The semiconductor structure of claim 3, wherein the
bit line contact array and the memory array are ar-
ranged in a staggered way; and

each of the bitline contact structures is in contactand
electrical connection with two active areas adjacent
along the first direction, and each of the active areas
is in contact and electrical connection with two bit line
contact structures adjacent along the first direction.

The semiconductor structure of claim 4, wherein for
one bit line contact structure located between two
adjacent ones of the memory cells along the first
direction, one end of the one bitline contact structure
along the first direction is electrically connected with
the first source region in one of the two adjacent
memory cells, and another end of the one bit line
contact structure along the first direction is electri-
cally connected with the second source region in
another of the two adjacent memory cells; and

the two bit line contact structures in contact and
electrical connection with the active area are sym-
metrically distributed with respect to an axis of the
active area, and the axis extends along the second
direction.

The semiconductor structure of claim 4, wherein a
projection of the bit line contact structure on the top
surface of the substrate has a same shape and a
same size as a shape and size of a projection of the
active area on the top surface of the substrate; and
a distance between two adjacent bit line contact
structures is equal to a distance between two adja-
cent active areas.

The semiconductor structure of claim 2, wherein
each of the memory cells further comprises:

a capacitor structure located above the transistor
structure, being electrically connected with the first
drain region and the second drain region, wherein a
projection of the capacitor structure on the top sur-
face of the substrate at least completely covers a
projection of the active area on the top surface of the
substrate.

The semiconductor structure of claim 7, wherein the
each of the memory cells further comprises:

a node contact structure located between the capa-
citor structure and a transistor, wherein one end of
the node contact structure is in contact and electrical
connection with the first drain region and the second
drain region, and another end of the node contact
structure is in contact and electrical connection with
the capacitor structure.
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9.

10.

1.

12,

The semiconductor structure of claim 1, wherein a
plurality of word lines are arranged at intervals along
the first direction and a plurality of bit lines are ar-
ranged at intervals along the second direction; and
a distance between two adjacent word line along the
first direction, a distance between two adjacent bit
lines along the second direction, and a distance
between two adjacent ones of the memory cells
are all equal to each other.

A method for forming a semiconductor structure,
comprising:

forming a substrate and an active array located
on the substrate, the active array comprising a
plurality of active areas arranged in an array
along a first direction and a second direction,
the first direction and the second direction being
both parallel to a top surface of the substrate,
and the first direction being perpendicular to the
second direction;

forming a bitlines on outside of each of the active
areas along the second direction, the bit line
extending along the first direction, being con-
tinuously and electrically connected with a plur-
ality of the active areas arranged at intervals
along the first direction;

forming a gate electrode penetrating a plurality
of the active areas along the second direction
and forming a word line that extends along the
second direction, is continuously and electrically
connected with a plurality of gate electrode ar-
ranged at intervals along the second direction,
the gate electrode dividing one of the active
areas into a first active area and a second active
area arranged along the first direction.

The method for forming a semiconductor structure of
claim 10, further comprising:

forming a bit line contact array below the active array,
the bit line contact array comprising a plurality of bit
line contact structures arranged in an array along the
firstdirection and the second direction, each of the bit
line contact structures being in contact and electrical
connection with a corresponding one of the active
areas, before the forming a bit line on outside of each
of the active areas along the second direction.

The method for forming a semiconductor structure of
claim 11, wherein the substrate further comprises a
first isolation layer located between two adjacent
ones of the active areas, and the forming a bit line
contact array below the active array comprises:

etching part of the active area and part of the first
isolation layer to form a plurality of first trenches
arranged in an array along the first direction and
the second direction, wherein each of the first
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trenches is overlapped with two adjacent active
areas along the first direction, and each of the
active areas is overlapped with two adjacent first
trenches along the first direction; and

forming a bit line contact structure at a bottom of
each of the first trenches, wherein the bit line
contact structure is electrically connected with
the active area.

The method for forming a semiconductor structure of
claim 12, wherein the forming a bit line on outside of
each of the active areas along the second direction
comprises:

forming a second isolation layer fully filling each
of the first trenches;

etching part of the second isolation layer and
part of the first isolation layer to form a second
trench located on the outside of the active area
along the second direction and exposing the bit
line contact structure; and

forming the bit line extending along the first
direction in the second trench, wherein the bit
line is continuously in contact and electrical
connection with a plurality of the bit line contact
structures arranged at intervals along the first
direction.

The method for forming a semiconductor structure of
claim 13, wherein the forming a gate electrode pe-
netrating a plurality of the active areas along the
second direction and forming a word line that ex-
tends along the second direction and is continuously
and electrically connected with a plurality of gate
electrode arranged at intervals along the second
direction, comprises:

forming a third isolation layer fully filling the
second trench;

etching the active area, the first isolation layer
and the third isolation layer to form a gate trench
that penetrates the active area along the second
direction in the active area, and form a word line
trench between two adjacent ones of the active
areas along the second direction; and

forming the gate electrode in the gate trench and
forming the word line in the word line trench.

The method for forming a semiconductor structure of
claim 10, further comprising:

forming a capacitor structure located above the ac-
tive area, the capacitor structure being electrically
connected with the first drain region and the second
drain region, and a projection of the capacitor struc-
ture on the top surface of the substrate at least
completely covering a projection of the active area
on the top surface of the substrate, after forming a
gate electrode penetrating a plurality of the active

15

20

25

30

35

40

45

50

55

11

areas along the second direction and forming a word
line that extends along the second direction and is
continuously and electrically connected with a plur-
ality of gate electrode arranged at intervals along the
second direction
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A substrate and an active array located on the substrate are
formed. The active array includes a plurality of active areas
arranged in an array along a first direction and a second
direction, in which the first direction and the second
direction are both parallel to a top surface of the substrate,
and the first direction is perpendicular to the second direction

—~— S31

A bit line is formed on outside of each of the active areas
along the second direction. The bit line extends along the
first direction and is continuously and electrically connected
with a plurality of active areas arranged at intervals along the
first direction

—~— 532

A gate electrode and a word line are formed 1n which the
gate electrode penetrates the active areas along the second
direction, and the word line extends along the second
direction are formed and 1s continuously and electrically
connected with a plurality of the gate electrodes arranged at
intervals along the second direction. The gate electrode
divides one of the active areas into a first active area and a
second active area arranged along the first direction

—~— 833

FIG. 3
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